コウジゲン ノ チョウキョクメン デ オオワレル タヨウタイ FANO タヨウタイ ノ サイキン ノ シンテン by 鈴木, 拓
Title高次元の超曲面で覆われる多様体 (Fano多様体の最近の進展)
Author(s)鈴木, 拓




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
On manifolds swept out by high dimensional
hypersurfaces
Taku Suzuki
School of Fundamental Science and Engineering, Waseda University
2013 12 Fano

















(a) $X$ $\mathbb{P}^{k}$- $m\leq k-1.$
(b) $k$ $d$ $\varphi:Xarrow Y$ $m\leq k.$
1.2 ( ). $d=1$
$\bullet$ $2m$ 2 $Q_{2m}\subset \mathbb{P}^{2m+1}$ $m$




$\bullet$ (6 ) $G(2,5)\subset \mathbb{P}^{9}$ 4 2






1.3 ( ). $n$ $X\subset \mathbb{P}^{N}$ $(^{*})$
(1) $d=1$ $m \geq 1\frac{n}{2}$ ] $+1$ $X$ $\mathbb{P}^{k}$- (Sato[12])
(2) $d=2$ $m \geq[\frac{n}{2}]+2$ $X$ (a), (b)
(Beltrametti, Ionescu[l])




1.4. $(^{*})$ $n$ $X\subset \mathbb{P}^{N}$ $m \geq[\frac{n}{2}]+d$
$X$ (a), (b)
(index) 1.4 $d=4$










(a) $X$ $\mathbb{P}^{k}$- $m\leq k-1.$





$F^{1}(X)$ $X$ $P$ $P$
$F_{p}^{1}(X)$ $F^{1}(X)$ $X$
(family) $X$ $\mathscr{L}$ $\mathscr{L}$ Locus $(\mathscr{L})$
Locus $(\mathscr{L})=X$ $\mathscr{L}$ (covering family)
$X$ $\mathscr{L}$ $X$
$P$ $X$ 2 $P$
( $\mathscr{L}$ $P$ )VMRT(varity of minimal
rational tangents) $p$ $\mathbb{P}_{*}(T_{p}X)(:=$
$(T_{p}X\backslash \{0\})/\mathbb{C}^{*})$
VMRT
2.1 (Beltrametti, Sommese, Wis$\acute{}$niewski[2] Wisniewski[14]).
$\dim p\geq\frac{n-1}{2}$ $\mathscr{L}$
(numerical class) $[\mathscr{L}]$ $NE$$(X)$ (extremal ray) $\varphi$
(contraction), $F$ $\varphi$ $F$
$\mathbb{Z}$







$X–*\mathbb{P}^{N-n-1}$ $T_{p}X$ $\phi$ : $B1_{p}(X)arrow X$ $X$ $P$
$E:=\mathbb{P}_{*}(T_{p}X)\subset B1_{p}(X)$ $H$ $X\subset \mathbb{P}^{N}$
$\pi_{p}$
$\tilde{\pi}_{p}$ : $B1_{p}(X)--$ $\mathbb{P}^{N-n-1}$
$E$ $|\phi^{*}(H)-2E_{|E}|\subset|-2E_{|E}|=|\mathscr{O}_{\mathbb{P}_{*}(\tau_{p}x)}(2)|$
$\mathbb{P}_{*}(T_{p}X)$ 2 (second
fundamental form) $|II_{p,X}|$ $\mathbb{P}_{*}(T_{p}X)$ $|II_{p,X}|$
$X$ $p$ 3 $F_{p}^{1}(X)$
([11, Definition 1.5] )
$S(X)\subset \mathbb{P}^{N}$ $X$ (secant variety), $X$ 2
$X$ secant defect
$\delta(X)$ $:=2n+1-\dim S(X)$ $\delta(X)\geq 0$
3.1 (Russo[11, Theorem 2.3(1)]). $\delta(X)>0$ $\dim|II_{p,X}|=N-n-1$
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3.2 (Hwang, Kebekus[6, Theorem 3.14]). $X$ Pic $(X)=\mathbb{Z}(\mathscr{O}_{X}(1)\rangle$
$i(X)$ $X$ $($ $-K_{X}\cong \mathscr{O}_{X}(i(X)))$ $\mathscr{O}_{X}(1)$
$\mathscr{O}_{\mathbb{P}^{N}}(1)$ $X$ $i(X)> \frac{2n}{3}$ $\delta(X)>0$
4
Proof. $X$ $m \geq\frac{2n-1}{3}+d$ $m\geq$
$3d-1>d$ $S$ $m$ $d$
$p\in S$ $F_{p}^{1}(S)\subset \mathbb{P}_{*}(T_{p}S)$ $(d, d-1, d-2, \ldots, 2)$
$F_{p}^{1}(S)$ $S$
$\mathscr{L}^{S}$ ([13]Proposition 2.2 ). $X$ $S$
$\mathscr{L}^{S}$ $X$ $X$
$X$ 2 :
$p\in X$ $p\in S_{p}\subset X$ $\mathscr{L}^{S_{p}}\subset \mathscr{L}$ $m$ $d$
$S_{p}$
$\mathscr{L}_{p}^{S_{p}}\subset \mathscr{L}_{p}$ $\mathscr{L}_{p}^{S_{p}}$ $\mathbb{P}_{*}(T_{p}S)=\mathbb{P}^{m-1}$ $(d, d-1, d-2, \ldots, 2)$
$\dim \mathscr{L}_{p}\geq\dim \mathscr{L}_{p}^{S_{p}}\geq m-d\geq\frac{2n-1}{3}\geq\frac{n-1}{2}.$




$F$ $k,$ $F$ (linear span) $\langle F\rangle$ $M$ $p$
$F$ $S_{p}$ 7Sp
(rationally chain connected)
$S_{p}$ 2 $\mathscr{L}^{S_{p}}$ } $\ovalbox{\tt\small REJECT}$
$\mathscr{L}^{S_{p}}\subset \mathscr{L}$ li. $\varphi$ 1
$S_{p}$ $\varphi$ 1 $S_{p}$ $F$
$p\in F$ $F$ $m$ $d$







4.1 (Zak[15, I Proposition 2.16]). $X\subset \mathbb{P}^{N}$ $n$
$Z\subset X$ $\dim Z>[\frac{N-1}{2}]$
$co\dim_{\mathbb{P}^{N}}(X)\leq$ codim$(Z\rangle(Z)$
$\dim \mathscr{L}_{p}^{S_{p}}>[\frac{(k-1)-1}{2}]$ 4.1 $\mathscr{L}^{S_{p}}\subset$
$\mathscr{L}_{p}^{F}\subset \mathbb{P}^{k-1}$
$co\dim_{\mathbb{P}^{k-1}}(\mathscr{L}_{p}^{F})\leq co\dim_{\mathbb{P}^{m-1}}(\mathscr{L}_{p}^{S_{p}})=d-1.$






3.2 $\delta(F)>0$ 3.1 $|II_{p,F}|\subset$




4.2. $X\subset \mathbb{P}^{N}$ $W\subset X$ $t$
2 codim$\mathbb{P}^{N}(X)\geq t$
Proof. $X$ $P_{1},$ $\ldots,$ $P_{c}(c:=co\dim_{\mathbb{P}^{N}}(X)),$ $W$ 2
$Q_{1},$
$\ldots,$




$\ldots$ , $\mathbb{C}$- $Q_{1},$ $\ldots$
$t\leq e\leq c$
4.2
$(k-1)- \frac{2k-1}{3}\geq co\dim_{\mathbb{P}_{*}(T_{p}F)}(\mathscr{L}_{p}^{F})\geq M-k.$
$k$ $k \geq\frac{3M+2}{4}$ .
$\dim S_{p}=m\geq\frac{2k-1}{3}+d>[\frac{M-1}{2}].$





$k \geq m\geq\frac{2n-1}{3}+d$ $\dim X>2\dim Y$
$\varphi$
$\mathbb{P}^{k}$- (a)
4.3 $(Ein[3,$ Theorem $1.7])$ . $\varphi$ : $Xarrow Y$
$\dim X>2\dim Y$ $\mathscr{H}$ $X$
$\varphi$




$\langle S_{p}\rangle\not\subset F$ $\langle S_{p}\rangle\subset F$
$\dim\langle S_{p}\rangle\geq\frac{2k-1}{3}+d+1>[\frac{(k+1)-1}{2}]$
4.1 $1=$ codim$\langle F\rangle(F)\leq$ codim$\langle S_{p}\rangle(\langle S_{p}\rangle)=0$
$(S_{p}\rangle\cap F$ $m$ $\deg F$
$m$ $d$ $S_{p}$ $S_{p}$ $\deg F$
$d$ $X$ (b)
1.4 $d=4$
4.4. $n$ $X\subset \mathbb{P}^{N}$ $m \geq[\frac{n}{2}]+4$ 4
:
(a) $X$ $\mathbb{P}^{k}$- $m\leq k-1.$
(b) $k$ 4 $\varphi$ : $Xarrow Y$ $m\leq k.$
Proof. $i(F)\geq k-d+2$ 1.4 $m \geq[\frac{n}{2}]+d$
$d=4$ $i(F)\geq k-2$
([9], [4], [5], [10]) $F\subset \mathbb{P}^{M}$

















4.1 $S_{p}\subset F\subset \mathbb{P}^{M}$
$F$ (a) (b)
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